Dr T H Christie (Haywards Heath) said that the dangers of the rapid diffusibility of nitrous oxide had perhaps been too little considered, (a) because of its effect in enlarging the size of closed cavities, e.g. pneumothorax, and (b) because of the possible effect on neonates of the 'Fink phenomenon' (Fink B R, 1955, Anesthesiology 16, 
Postoperative Lung Dysfunction: Predisposing Factors
This paper is concerned with factors and mechanisms rather than with syndromes and diseases, and is related chiefly to the everyday problems of general and abdominal surgery.
Mechanisms of Pulmonary Dysfunction
Dysfunction cannot rationally be separated from function and the two will be considered together under four loose headings.
External mechanics of respiration: Inspiration in the normal subject is largely due to contraction of the diaphragm, which increases the long axis of the thoracic cylinder by its free downward It should be remembered that in the past anesthetists and the Central Midwives Board had approved the use of 10% oxygen for mothers in labour. Dr Christie felt it important to be absolutely certain that Entonox was not also going to submit the newborn to unnecessary hypoxia.
Dr L K Kawik (Reading) mentioned that when he was working in Warsaw in 1963-7 he had been using nitrous oxide manufactured in Russia, Hungary and Czechoslovakia. They had been very glad to obtain supplies, but had found that the gas from Russia and Hungary was heavily contaminated with water. They had found it necessary to cover the cylinder with a small electric blanket or hot water bottle, and even then had had to watch the flowmeter very carefully.
The following paper was also read:
Practical and Scientific Aspects of the Use of Entonox Dr H G Epstein (Anwsthetics Laboratory, Radcliffe Infirmary, Oxford, 0X2 6HE) movement. To accommodate this the abdominal wall protrudes. The movement of the diaphragm may be limited abnormally by obesity or tumour, or by pulmonary pathology such as emphysema or fibrosis.
The movement of the diaphragm may also be grossly hindered as a result of surgical intervention. The muscles of the abdominal wall may be tight or in frank spasm as a result of wound pain. The diaphragm may be pressed towards its expiratory position by bad posture (the slumped patient, poorly supported by pillows); or by paralytic ileus (the distended gut forced against the diaphragm, pressing on the lungs behind the cupulm); or by the pneumoperitoneum frequently left by surgeons after laparotomy (Bevan 1961) .
Elastic properties of lungs: During inspiration the lung is distended against elastic forces which tend to make it collapse again. These forces are Section ofAnesthetics partly due to the stretching of anatomical elastic fibres, and partly due to the surface tension of the fluid lining the alveoli. The collapsing pressure within an alveolus due to surface tension is directly proportional to that surface tension and inversely proportional to the radius of the alveolus. Thus a fluid having high surface tension will increase the tendency of the alveolus to collapse. Similarly, a smaller radius will necessitate a greater intra-alveolar pressure to prevent further collapse. Fortunately, surfactant, a vitally important lipoprotein, is present in the lining fluid of the alveoli. This has the property of lowering surface tension and also of having ever greater effect as the size of the alveolus is reduced. Thus the ability to maintain open alveoli and to re-open those which have closed is very largely due to the presence and behaviour of surfactant. Unfortunately, it seems that the activity of surfactant depends on a periodic stretching of the alveoli to sizes greater than their normal resting. There is thus great interest in the fascinating observations of McCutcheon (1953) on the taking of deep breaths by various animals and of Mead & Collier (1959) on the gradually falling compliance of anesthetized dogs, and especially in the measurements of Bendixen et al. (1964) that resting humans take breaths of the order of 1,500 ml about ten times per hour. There seems good reason for imposing large tidal volumes on anesthetized patients. Patency of bronchial tree: The lumen of the bronchial tree depends to a large extent on a negative intrathoracic pressure and on the elastic properties of the lungs. Thus normally, expiration can be passive with a free flow of air in the bronchi and bronchioles and with no resort to expiratory effort. But if there is loss of elasticity, as in emphysema, the lumen of the bronchial tree will be smaller. There may be need for positive expiratory effort, leading to diminution of airways, trapping of air, interference with venous return to the right heart and hindrance to blood flow in the lungs due to rises in the transmural pressure on the pulmonary capillaries. Furthermore, coughing cannot function normally if the airways are not held reasonably open.
Another aspect of the patency of the bronchial tree is its protection from contamination. The normal person has the benefit of bronchial toilet by healthy, active cilia and by changes of posture. Furthermore, he can cough freely, taking a very deep inspiration and expelling the volume with a gross, explosive, uninhibited rise in intraabdominal pressure. Such a mechanism is disordered when the inspiratory reserve volume is reduced by splinting of the diaphragm and the expiratory effort is severely limited by pain.
Again, the normal patient does not have disease of the airway itself, such as aedema, congestion, hypertrophy of mucous glands, excess viscous secretions and pus.
Upsets ofventilation/perfusion relationships, VA/O:
When the volumes of air and blood supplied to a particular region of lung tissue are grossly dissimilar, serious upsets of function may occur. Whatever the cause or mechanism, the ratio VA/0 will be either too large or too small. There will thus be over-ventilation or under-ventilation in relation to the rate of perfusion.
Over-ventilation (VA/4 high) is relatively less important. It is equivalent to a waste of fresh air. Some air is not being used by blood. But it is still possible for all the blood to exchange satisfactorily with air in other parts of the lung, since it is possible to compensate for wasted ventilation in one area by increasing ventilation in another. The blood gases will only show an important abnormality if there is a gross inability to increase ventilation in other areas.
In contrast, under-ventilation (VA/4 low) may easily lead to gross abnormality of blood gases. In this situation, blood pumped through the lung is wasted and passes to the arterial system without normal exchange with alveolar air. Changes in the quantity of air ventilating other parts of the lung can have very little beneficial effect. In these circumstances carbon dioxide will not be affected to a marked degree but there may be a gross loss of arterial saturation with oxygen and an even more gross change in arterial Po2.
Clinical Appraisal
The normal, healthy person relies on: (1) good diaphragmatic mobility; (2) good expulsive efforts on coughing; (3) healthy lungs, kept mechanically normal by frequent deep breaths; and (4) patent, uncontaminated bronchial airways. Normal pulmonary perfusion will then lead to good gaseous exchange.
The disabilities which anaesthetists and surgeons may cause to patients are chiefly: (1) splinting the diaphragm by posture, ileus, pneumoperitoneum; (2) limiting coughing by these mechanisms and by pain; (3) rendering the elastic properties of the lungs abnormal by preventing or limiting deep breaths; (4) allowing the bronchial tree to be contaminated by (a) interfering with coughing, (b) allowing secretions to become viscid due to fasting and dehydration, by-passing normal humidification mechanisms with an endotracheal tube, using totally drying gases, administering antisialagogue drugs, (c) interfering with ciliary action by drugs and drying; (5) damaging or irritating the epithelium by instrumentation and drugs. 6 Furthermore, non-aeration of lung tissue on a grander scale may arise from these and other mechanisms. Absorption of gases from alveoli is much quicker in the absence of the 'skeleton' of relatively insoluble nitrogen and may be enhanced by unwise or unskilled endobronchial suction.
No mention has been made so far of the further hazard of infection. Clearly, several of the factors listed above result in better culture conditions for micro-organisms in the respiratory tract, and the anesthetist may even introduce pathogens by his manipulations or from his circuit. Apparatus introduced into the patient's airway should be sterile, though there is still doubt of the cost-effectiveness of providing a truly sterile respiratory circuit for every patient.
Finally, it should be noted that this brief and rather analytical survey is by no means allembracing. Especially, various interconnexions between factors and mechanisms have not been elaborated.
Preoperative Assessment and Prophylaxis
Pulmonary function is complex and there are many mechanisms of its derangement. Thus no single measurement or test, however accurate or complicated, can reasonably be expected to define fully the respiratory state of a patient. A competent and conscientious clinical history and examination is therefore essential. Such an assessment is usually adequate, though it may at times profitably be supplemented by certain measurements. One or more indices of the 'mechanical' state such as vital capacity, forced vital capacity, peak flow rate, maximum voluntary ventilation, &c., will give evidence of the patient's ability to move air and to cough. Evidence of the 'chemical' state of respiratory function may be sought from Paco2 or Pao2, or both. In rare circumstances other more esoteric tests or a full and thorough investigation may be necessary.
It is not appropriate to discuss here the preoperative management of a case, but when the assessment has been made and the disorders have been corrected so far as possible, it is important that the patient should know at that time, and fully understand, what will be required of him in subsequent respiratory care. Preoperatively a patient wants stimulation and support. Postoperatively he wants sedation and peace. Minimal postoperative dysfunction depends inevitably on great co-operation from the patient, and his aid can best be recruited in the preoperative period when he is receptive to explanations and advice.
Dr A A Spence and Dr J I Alexander (University Department ofAnwsthesia, Western Infirmary, Glasgow)
Mechanisms of Postoperative Hypoxrnmia
Studies of postoperative arterial oxygenation have tended, presumably for reasons of the investigator's convenience, to concentrate either on the first hours or the 24th hour following operation and it appears that the mechanisms at these times may be different.
Hypoxwmia at 24 Hours
Hypoxvmia in the absence of hypoventilation at 24 hours has been recognized for many years. Troell (1951) demonstrated a fall in arterial oxygen saturation from 94% before operation to 88% after operation in patients undergoing abdominal surgery. He also demonstrated restoration of saturation to the preoperative values when the patients breathed high inspired oxygen concentrations. This suggested that the hypoxwmia was the result of disturbances of the normal ventilation/perfusion relationships in the lung (VA/( effect), as opposed to frank shunting of the blood past collapsed lung alveoli. Gordh et al. (1958) confirmed the existence of postoperative hypoxemia but showed that it appeared to be a result of frank shunting. They found also that hypoxemia at 24 hours after abdominal surgery was equally severe following either spinal or general anesthesia. The uncertainty as to the nature of the intrapulmonary shunt was aggravated by Georg et al. (1967) who concluded that a VA/() effect was the major feature and by Diament & Palmer (1967) whose findings suggested frank shunt. Diament & Palmer (1966) showed that hypoxmemia was most marked following upper abdominal operations, less following lower abdominal operations and minimal after nonabdominal procedures. The consequences of thoracic surgery are less well defined. A similar pattern of severity is usually found in studies of postoperative pneumonia but the early assumption of a cause and effect relationship between pneumonia and hypoxaemia was not supported by Hamilton et al. (1964) , who found no relationship between the degree of postoperative hypoxmemia and clinical and radiological chest findings. Knudson (1970) and Spence & Smith (1971) have shown that hypoxmemia following upper abdominal procedures extends for several days into the convalescent period.
Hypoxawmia Immediately After Operation In 1962, Nunn & Payne found hypoxwmia occurring in the first few hours after operation. This appeared to be independent of the site
